To assess the reliability of neurocognitive and functional performance tests in athletes with and without functional ankle instability (FAI). figure- of-8, side, square, and single hop tests. Neurocognitive function was assessed with the Deary-Liewald reaction task (DLRT) including simple and choice reaction times and error rate. The intraclass correlation coefficient (ICC) and standard error of measurement (SEM) tests were calculated using SPSS software version 16.
Introduction
ateral ankle sprains, which are primarily caused by an inversion stress to the joint, account for 60% of all injuries in athletes [1, 2] . Functional ankle instability (FAI) is a condition that occurs after an ankle sprain in approximately 40% of the patients [3] . FAI has been described in many ways, including the "disabling loss of reliable static and dynamic support of a joint" or a ''tendency for the foot to give way'' [3] . Some researchers have identified functional performance deficits in participants with unstable ankles [2] [3] [4] [5] [6] , whereas others have not [5] [6] [7] [8] . A variety of functional performance tests (FPTs) have been addressed in these patients. Those including frontal plane movements have been found to be sensitive in detecting functional deficits in lateral ankle instability, whereas those solely containing sagittal plane movements did not exhibit performance deficits [6] .
Clinicians often use FPTs to evaluate the risk of injury, initial deficits resulting from injury, and improvement after intervention. Dynamic postural control has gained popularity in clinical and research settings as an index of functional performance. The star excursion balance test (SEBT) is one the frequently used tests for dynamic postural control [9] . It measures how far a participant can reach by one foot while keeping balanced on the other foot. Each reaching direction offers unique challenges and requires combinations of sagittal, frontal, and transverse movements and control. The SEBT has shown acceptable sensitivity in screening functional deficits related to chronic ankle instability [10] .
Another frequently used FPT to assess lower extremity performance by differentially stressing the joints in sagittal and frontal planes as well as combined rotational stress in the transverse plane is the hop test with all its variations [6] . Some researchers have identified functional performance deficits in participants with unstable ankles during the hop test [2, [4] [5] [6] while others have not [5] [6] [7] [8] . These tests are helpful because they combine multiple components, such as muscular strength, neuromuscular coordination, and joint stability, which could be affected after joint injury [5] .
On the other hand, an injury disrupting joint integrity and or ligamentous sprain, such as FAI, is supposed to impair afferent-efferent pathways. Evidence shows a possible link between brain function and musculoskeletal injury [11] [12] [13] . Neurocognitive reaction time appears to be an indicator of elevated risk for lower extremity sprains and strains. The amount of time required for visual perception of a stimulus, information processing, and response to the stimulus may affect an athlete's situational awareness and capability for rapid generation of an appropriate motor response to external perturbations [13] . Thus, quantification of neurocognitive function by a computerized test with standard stimulus presentation, short administration time, and ability to rapidly and accurately analyze and store data which makes comparison with other test performances quite useful to study the main features of FAI [14, 15] . The Deary-Liewald task (DLRT) is a computerbased neurocognitive task designed to be applied with no specific computer characteristic requirement and with very high internal consistency [16] .
To address both the functional and neurocognitive performance of patients with FAI, SEBT, hop, and DLRT tests seem to be useful and informative. Like any other tests, the repeatability of the measurements of these tests in terms of reliability is a major concern which might strongly affect their application. This study aimed to assess the reliability of 2 functional performance and DLRT neurocognitive tests in patients with FAI and subjects with non-ankle sprain.
Materials and Methods
This is a methodological study. The subjects were selected by non-probability convenient sampling method from volleyball and basketball teams attending Karaj professional leagues in 2014. Sample size was calculated from the variance of some dependent variables determined in the pilot phase of the study which yielded 15 cases in each group. To be on the safe side, we enrolled 20 cases in each group.
Twenty athletes with FAI (12 females and 8 males) and 20 subjects without FAI (12 females and 8 males) voluntarily participated in the study. All subjects signed informed consent forms approved by the Ethics Committee of the University of Social Welfare and Rehabilitation Sciences. The non-FAI subjects were matched according to age, weight, height, type and duration of physical activity, and lower-limb dominance with the FAI group. The subjects with FAI had a mean(SD) age, weight, and height of 23.40(2.58) y, 67.00 (13.18) FAI group subjects were also tested on both limbs. Their limbs were matched with the FAI group based on the dominancy i.e. the scores of the dominant side of the FAI patients were compared with those of the dominant side of the non-FAI matched subjects. Thus each side of the non-FAI subjects was correspondent to either involved or uninvolved side of the FAI patients which will be named involved-matched and uninvolved-matched limb, respectively. The limb by which subjects preferred to kick a ball, was determined as the dominant one. The screening evaluation was performed by a trained physical therapist through the anterior drawer and talar tilt tests and the mini mental state examination (MMSE) to assess mechanical instability and cognitive function, respectively.
Subjects aged 20-30, would enter the FAI group having met the inclusion criteria: a minimum of one major unilateral inversion sprain resulting in pain, swelling, and function reduction and at least one experience of recurrence of ankle sprain or giving-way or feeling the ankle to be unstable during the previous year. Positive anterior drawer and talar tilt tests indicating mechanical instability and having ankle injury within three months before the study tests would not include the subjects in the FAI group [16] .
The exclusion criteria for the non-FAI group were as follows: history of ankle sprain, giving way or feeling of instability in the ankle in the last two years; recent pregnancy, vestibular, respiratory or cognitive disorders (MMSE scores equal or below 23), diabetes, recent injury to the lower extremities or low back or use of medication affecting the cognitive or physical performance [17] .
Experimental protocol
Each participant performed a 5-minute warm-up on a stationary bike at a moderate level of intensity [3] . Tests orders were randomized. The participants were allowed 2 practice trials to get familiarized with FPTs. All functional tests were performed with subjects barefoot [3] . For each of the hop tests, 4 trials were recorded [3] , with 30-second rest periods between trials, and 1 minute of rest between the tests to decrease the chance of fatigue [3, 5] . Subjects performed 7 trials of the SEBT test in each 8 direction and the last 4 reaches in each direction were recorded. Subjects were given 15 and 30 seconds of rest between trials and directions, respectively [10] .
All athletes completed a DLRT computerized neurocognitive test after the familiarization trial. They wore headphones during the test to minimize external distractions. Thirty seconds and 1 minute of rest were implemented between trials and tests, respectively. Participants performed each test 4 times and the mean score was recorded as the final score for each individual test. The tests were all repeated after 48 to 72 hours interval to assess the inter-session reliability.
Functional tests

Hop tests
The figure-of-8 hop test was performed on a 5-m course outlined by cones. The participants were instructed to hop as quickly as possible twice through the course [2, 3, 5, 6] (Figure 1 ). For the side-hop test, the participants were instructed to hop laterally 30 cm and back for a total of 10 repetitions [2, 3, 5, 6] (Figure 1 ). The square hop test was performed on a 40×40 cm square marked on the floor with tape. Starting outside of the square, the participants were instructed to hop in and out of the square as fast as possible for 5 times. One repetition constituted hopping in and out of the tape outline completely around the square back to the starting point. With the right limb, the participants hopped in a clockwise direction and with the left limb, they hopped in a counterclockwise direction [3, 6] (Figure 1 ). For the single-hop test, the participants were instructed to hop forward as far as possible. The distance was recorded ( Figure 1 ).
If a participant fell, put the contralateral foot down, hopped in the wrong direction or did not complete the trial, it would be discarded and repeated. The time taken to complete each of the figure-of-8 hop test, side-hop test [2, 5, 6] , and square-hop test [6] was recorded using a hand-held stop-watch. For the single hop test, the distance was recorded from the position of the toes on the starting line to the end of the jump [6] .
SEBT
The SEBTs were performed with the subject standing at the center of a grid placed on the floor, with 8-centimeter scaled lines extending at 45º increments from the center of the grid. Test performance was recorded in 8 directions: anterolateral (AL), anterior (A), anteromedial (AM), medial (M), posteromedial (PM), posterior (P), posterolateral (PL), and lateral (L).
Subjects were instructed to touch the furthest point on the scaled lines with the reach foot as lightly as possible while keeping their balances, and then return to the bilateral stance. Reach distances were then normalized to the subjects' leg length, which was measured from the anterior superior iliac spine to the distal tip of the medial malleolus [18] .
The trial would be discarded and repeated if the subject failed to maintain unilateral stance, lifted or moved the stance foot from the grid, touched heavily or came to rest at the touchdown point, made contact with the ground with the reaching foot to maintain balance, or failed to return the reach foot to the starting position [19] .
Cognitive test
DLRT allows the user to conduct simple and 4-choice reaction time procedures. The program is free, easy to use, and needs no special software. Simple reaction time involves reacting to a single stimulus as quickly as possible. Choice reaction time was made complicated by requiring the subject to make the appropriate response to one out of several stimuli. The computerized cognitive assessment was based on the presentation of 'X' on a computer monitor.
During the simple reaction time test, a cross would appear in the box on the screen and each time it appeared the athlete was supposed to press the space key as quickly as possible. The test would be repeated 20 times and the reaction time was recorded by the software as the interval between the cross appearance on the screen and the press key event.
In the choice reaction time, there were 4 boxes on the screen. A cross would appear in one of them and the athletes were to press the correct key for that box as quickly as possible. For each box, one specific button on the keyboard was determined as the corresponding key [16] .
Statistical analysis
All data were analyzed by SPSS (version 16). The mean of the 4 trials for each test was used for statistical analysis. Normal distribution was evaluated using the KolmogorovSmirnov test. Relative and absolute reliability were assessed using intra-class correlation coefficient (ICC) and standard error of measurement (SEM), respectively.
Results
Between groups comparison was done using the independent t test, to compare FAI and control groups. There were no statistically significant differences between the 2 groups with regard to age (P=0.641), weight (P=0.872), height (P=0.989), and duration of physical activity (P=0.94). The mean values of the functional and neurocognitive variables are listed in Tables 1 and 2 , respectively. Table 2 . Reliability of the first session in FAI and non-FAI group, indicating a very high level of reliability for all tests. Table 5 . Table 6 illustrates the intra-session and inter-session reliability of the neurocognitive tests in both groups. Intra-session reliability of the first and second sessions of the neurocognitive tests (including SRT, CRT, and error rate) ranged as 0.78-0.94 for both groups while SEM score ranges were 0.83-17.12 and 0.24-10.37 for the FAI and the non-FAI groups, respectively. ICC values indicating inter-session reliability of the neurocognitive tests ranged as 0.85-0.98 for both groups while SEM values were between 0.51-11.08, 0.39-12.43 in the FAI and the non-FAI groups, respectively.
Discussion
The purpose of the study was to determine the reliability of functional performance and neurocognitive tests in athletes with and without FAI. We administered functional tests to evaluate the functional consequences of FAI by stressing the ankle joint in multiple planes.
Functional tests
Robinson and Gribble reported maximum normalized excursion distance scores of the SEBT to get stabilized after 4 practice trials [18] . We therefore used the same number of trials instead of the previously suggested 6 trials [19] to assess the reach distance. The inter-session and intra-session reliability of the SEBT were assessed by comparing the mean values of 4 trials for each session and computing the correlation of the 4 trials of the first session, respectively. We found that the inter-and intra-session reliabilities of SEBT scores in all directions in both limbs of the subjects in both groups were very high. The scores of the SEBT in our study were found to be more reliable than the previous results of Hertel et al. [20] and Plisky et al. [21] (very high vs. high). Hertel et al. [20] investigated the patients with chronic ankle instability, including mechanical instabilities while Plisky et al. [21] studied non-injured basketball players. In Hertel et al. study a significant learning effect was found on day 1, where trials 4-6 had significantly higher reach scores than trials 1-3 [20] . This led Hertel et al. to recommend a protocol which included 6 practice trials prior to 3 measured trials to ensure that the learning effect would not affect performance [20] . The intrasession reliability scores in our study were not different between the 2 sessions because the ICC confidence intervals had considerable overlapping. Two other sources of differences between the results of our study and those of Hertel et al. are related to first our subjects who were barefoot while performing the tests and second using normalized data for analysis while Hertel et al. did not [20] . Like our results, SEBT scores in Plisky et al. [21] study (with normalized scores) were found to be very high. This might show that having a 3-trial practice prior to testing, makes 4 trials as reliable as the 6-trial testing condition. The intra-session reliability for the SEBT tests in healthy adults was found to be as low as "moderate to high" in Kinzey and Armstrong study which made the authors recommend several practice trials before the main tests. Subjects in this study were not allowed to touch down with the foot at the point of maximum reach and the examiner had to estimate a point on the floor corresponding to maximum reach distance. This may have influenced the ICC values [22] .
Reliability of the hop tests was found to be high to very high in this study. Among the different variations of the test, side-hop was the least reliable one in both limbs of the both groups. This finding is compatible with those of Caffrey and Bolgla [2, 23] . The lower reliability of the side-hop test in comparison with other aspects of this test cannot simply be attributed to frontal plane stresses on the joint in the test which are in the injury plane because the situation was the same in the uninvolved side and even in non-FAI subjects. Further studies with more precise controlled and manipulation of the conditions are needed to explain why the side-hop test shows lower reliability than the other hop tests. However, although not as reliable as the SEBT test, hop test stressing the ankle joint in multiple planes seems to be a reliable tool to assess the dynamic performance of the patients with FAI.
The neurocognitive test
The literature suggests that neurocognitive characteristics can play an important role in coordination, sports performance, and injury [24] . Physical activity requires situational awareness of a broad attentional field to continuously monitor the surrounding environment, filter irrelevant information, and simultaneously execute complex motor programs [25] [26] [27] . Little is known about the reliability of DLRT in athletes. The results of this study indicate that the test is highly to very highly reliable within and between sessions when administered to athletes with and without FAI. Thus, DLRT seems to be a useful and applicable tool when neurocognition quantification in these athletes is the concern. The DLRT had been previously found to yield reliable and valid measures in healthy populations [16] . It allows the user to conduct simple and 4-choice reaction time procedures. The program is free, easy to use, needs no special software, and provides enough flexibility for coping the different needs of various populations while keeping the comparability characteristic because of the same basic task [16] . The findings of our study suggest that DLRT is a reliable tool for the measurement of neurocognitive function.
The use of clinical diagnostic testing depends on the reliability and validity of the testing procedure. The purpose of this study was to investigate the reliability of functional performance and neurocognitive tests. We believe that FPTs provide a reliable measure of lower extremity performance in athletes with and without FAI, when following a standardized protocol. The DLRT is designed to run on all laptop and desktop computers, such that it needs no specific requirements for the computers they are ran on. Based on the observations of the present study, we concluded that DLRT is a reliable tool for measuring neurocognitive function (including SRT, CRT, and error rate).
